The influence of the single components of Ferula hermonis extract on sexual behavior was studied in male rats. Sexually potent and sluggish/impotent animals were orally treated acutely (2.5 mg/kg) and subchronically (0.25 mg/kg/day for 10 days) with ferutinin, teferdin and teferin. Ferutinin alone acutely administered in potent rats was able to reduce mount and intromission latencies, while in sluggish/impotent animals, it induced the same effects and additionally shortened the ejaculation latency, as teferdin did. Both substances increased testosterone levels in rats. Unlike teferdin, ferutinin subchronically administered in potent rats negatively affected appetitive and consummatory sexual behavior, reducing also testosterone serum levels. In conclusion, if repetitively administered, ferutinin was able to stimulate sexual behavior after acute ingestion, but exerted a negative influence on the sexual capacity of potent male rats, whereas teferdin only improved copulatory performance of sluggish/impotent animals.
Introduction
Ferula hermonis (Boiss), an herbal plant native of the Jordanian region, was traditionally used to cure frigidity and impotence and to stimulate sexual desire. 1 The enhancement of erectile function after oral ingestion of the crude oil extracted from the seeds of F. hermonis was observed in rats by ElThaher et al. 2 On the other hand, the daily administration of the oil for 28 days was linked to toxic effects such as decreased body weight, hepatomegaly, atrophic testis, significant decrease in hemoglobin and red blood cells. 2 Moreover, an antifertility effect of the ethanolic extract obtained by F. hermonis roots, orally administered for 6 weeks to male and female mice, was reported. 3 It is noteworthy, however, that depending on the type of solvent used for the extraction procedure, F. hermonis exerted different effects on male rat sexual activity. 4 In fact, it has been described that the methanolic extract significantly increased the number of mounts, in comparison with controls, while water, petroleum ether and ethyl acetate extracts significantly increased intromission latency. In addition, the last two extracts decreased the number of mounts and intromissions. The authors suggested that F. hermonis components with low polarity (usually extracted with nonpolar solvents) decrease sexual activity in male rats, while compounds with higher polarity (usually extracted with polar solvents) exert a stimulatory effect on sexual motivation. 4 We recently studied the influence of an acetonic extract of F. hermonis on the copulatory behavior of experienced male rats. The acute oral administration of the extract stimulated sexual motivation in potent rats (30 and 60 mg/kg) and improved copulatory performance in sluggish/impotent rats (60 mg/ kg) in parallel with increased testosterone serum levels. On the contrary, the repeated daily ingestion for 10 days elicited negative effects on the copulatory pattern of potent rats, even if the dosages were strongly reduced. 5 The positive results obtained after a single dose of F. hermonis extract encouraged us to investigate the effects of the single components of the extract. The major components recognized in the herb and roots of F. hermonis were daucane sesquiterpene esters: ferutinol p-hydroxybenzoate (ferutinin), ferutinol benzoate (teferdin), ferutinol vanillate (teferin) and epoxyferutinol benzoate. 6, 7 Among these molecules, ferutinin was shown to bind estrogen receptors (ER) in vitro, hence suggesting a phytoestrogenic activity. [8] [9] [10] In order to clarify which of the active principles was responsible for the improvement in rat sexual motivation and/or performance after acute administration, we evaluated in the present study the influence of the pure components of F. hermonis, ferutinin, teferdin and teferin (Figure 1 ), on copulatory behavior of male rats and, in parallel, on testosterone serum levels.
Finally, we investigated the role of the single compounds in the worsening of sexual performance observed after subchronic administration of F. hermonis extract in potent rats. 5 
Materials and methods

Subjects
Sprague-Dawley rats of either sex, weighing from 160 g (females) to 220 g (males), were purchased from Harlan Italy (Udine, Italy). They were housed in groups of four, males and females separately, in plexiglass cages, with reversed 12 h light/dark cycle, with lights off at 0700 for at least 2 weeks before being used to facilitate adaptation. Food in pellet and tap water were provided ad libitum.
The females were ovariectomized under ketamine hydrochloride plus xylazine hydrochloride anesthesia and brought into estrous by sequential subcutaneous injections of 30 mg estradiol benzoate and 500 mg progesterone, 48 and 4 h before the copulatory studies, respectively. They were screened with nonexperimental sexually experienced males and only those exhibiting good sexual receptivity (solicitation behavior and lordosis in response to mounting) and no rejection behavior were used.
The present study was carried out in accordance with the Italian law (D.L. no. 116/1992) and European legislation (EEC no. 86/609) and to the 'Principles of laboratory animal care' (NIH, USA, 1985) .
Behavioral testing procedure
The sexual behavior of males was monitored by trained observers, unware of the experimental design, in a separate room under a dim red illumination, as described previously. 11 Single male rats were placed in rectangular glass observation cages (40 Â 50 Â 40 cm) 5 min before the introduction of a sexually receptive female. The following parameters of sexual behavior were measured as previously described by Å gmo: Tests are normally ended immediately after the first postejaculatory intromission; or if intromission did not occur within 15 min; or if ejaculation latency exceeded 30 min; or in the case that postejaculatory interval had exceeded 15 min. Rats were trained with sexually receptive females seven times, at 5-day intervals, before the experimental test. As previously described, 5 after the seventh pre-experimental training test, rats that concluded the performance in the last three tests were defined as sexually potent. The remaining rats, which failed to achieve ejaculation in one, two or all the last three pre-experimental tests, were considered sexually sluggish or impotent. Ferula hermonis on male rat sexual behavior P Zanoli et al
Treatments
Ferutinin, teferdin and teferin, supplied by Indena Spa (Milan, Italy), were dissolved in Tween 80 (low peroxide grade r0.5 mmol/g) (10%) and deionized water (obtained from a Milli-Q Plus analytical deionization system). They were acutely administered by oral gavage in a volume of 5 ml/kg at the dose of 2.5 mg/kg b.w. In the subchronic experiments, the same compounds were administered, per os, with a daily dose of 0.25 mg/kg b.w. for 10 consecutive days. This dose was chosen in order to reach the same drug exposure obtained in the acute experiments. Control animals received an equal amount of vehicle. Treatments were carried out 45 min before testing in sexually potent and sluggish/impotent rats.
Testosterone assay
Sprague-Dawley male rats (250-300 g b.w.), which were not used for sexual behavior study, were acutely administered with 2.5 mg/kg of ferutinin, teferin and teferdin 45 min before being killed by decapitation. In a second study, other groups of rats were daily treated with the dose of 0.25 mg/kg of the same compounds for 10 days and were killed 24 h after the last dose. Trunk blood was collected into centrifuge tubes and serum was prepared by centrifugation (3000 r.p.m., 20 min, 41C) and stored frozen until testosterone assay. Testosterone concentration was determined in duplicate using Testosterone Enzyme Immunoassay kit (Assay Designs Inc., Ann Arbor, Michigan, USA), according to the manufacturer's instructions. Detection limit for this assay was 3.82 pg/ml; crossreactivity with corticosteroid and other androgens was minimal (o1%).
Data analysis
The data, expressed as mean7s.e.m., obtained by groups consisted of eight to 10 animals each.
One-way analysis of variance (ANOVA) with Dunnett's post hoc comparisons between individual treatment groups and controls was performed using GraphPad Prism version 4.0 for Windows (GraphPad Software, San Diego, California, USA). Percentages of mounting or ejaculating rats in treated groups of animals versus controls were evaluated with Fisher's exact probability test. In all cases, Po0.05 was taken as the level of significance.
Results
Influence of acute administration
The effect of acute administration of ferutinin, teferdin and teferin on the different parameters evaluated during copulation of potent rats is reported in Table 1 . Ferutinin, but not teferdin and teferin, was able to significantly decrease mount and intromission latencies (Po0.05), when compared with the corresponding values of vehicle-treated rats. No influence was detected on ejaculation latency and postejaculatory interval.
The administration of the same substances in sexually sluggish/impotent rats provided similar results as regards the motivational component of sexual behavior since both mount and intromission latencies were reduced in a statistically significant manner only by ferutinin ( Table 2 ). The ingestion not only of ferutinin but also teferdin induced a significant reduction of ejaculation latency (Po0.01) and an increased percentage of mounting and ejaculating rats (80 versus 50%), in comparison with controls.
Influence of subchronic administration
The influence of repeated administration of the tested compounds on copulatory performance of sexually potent rats was shown in Table 3 . Ferutinin, given in doses of 0.25 mg/kg/day for 10 days, significantly increased mount and intromission Ferula hermonis on male rat sexual behavior P Zanoli et al latencies in comparison with vehicle-treated rats, without affecting the other evaluated parameters. In addition, it must be noted that a marked reduction in the percentage of ejaculating rats as a consequence of ferutinin treatment (50 versus 100% controls). Teferdin and teferin at the same dosage reduced mount and intromission latencies, but the differences in comparison with vehicle-treated animals were not statistically significant. The subchronic administration of ferutinin, teferdin and teferin failed to exert significant effects on copulatory behavior of sluggish/impotent rats (data not shown).
Testosterone serum levels after acute and chronic administration
A single oral administration of 2.5 mg/kg of ferutinin or teferdin was able to significantly increase serum testosterone levels in rats (Po0.05; Po0.01, respectively) as shown in Figure 2 . Teferin, on the other hand, did not affect the hormone levels.
Testosterone levels were also measured after the subchronic administration of the compounds. The results, reported in Figure 3 , indicate a reduced presence of the hormone in the serum of rats submitted to the repeated ingestion of ferutinin (Po0.05 versus vehicle-treated rats). The other tested compounds did not have any significant influence.
Discussion
The recent demonstration that F. hermonis extract acutely administered in rats was able to improve sexual activity encouraged us to investigate the effects induced by the different components in order to recognize the principles responsible for the observed pharmacological activity. 5 The results obtained in the present experiments following the acute administration of single components of F. hermonis suggested that ferutinin plays a main role in the improvement of sexual behavior of potent and, more interestingly, of sluggish/ impotent rats. In this context, a significant effect Figure 2 Effect of acute administration of ferutinin, teferdin and teferin on serum testosterone levels in rats. Values are the mean7s.e.m. obtained by groups of eight rats each. *Po0.05, **Po0.01 compared with vehicle-treated rats (ANOVA followed by Dunnett's test).
Ferula hermonis on male rat sexual behavior P Zanoli et al on ejaculation latency was observed also following teferdin ingestion. In particular, ferutinin could be regarded as mainly responsible for the stimulating property of F. hermonis on sexual desire, considering the reduced mount and intromission latencies in all treated rats. Its capacity to improve sexual performance in sluggish/impotent rats, as indicated by a reduced ejaculation latency, was similar to that of teferdin. Both compounds were able to raise the percentage of mounting and ejaculating rats in comparison with control animals. In parallel experiments, using matching experimental conditions (see Materials and methods), we demonstrated elevated serum testosterone levels in rats treated with ferutinin and teferdin. It must be stressed that these rats were not submitted to mating test to avoid the physiological increase in testosterone levels due to the presence of a receptive female and the following copulatory activity. It has been demonstrated that, besides central effects, 12 testosterone peripherally contributes to mediation of nitrergic neurotransmission, accentuates nitric oxide synthase activity and nitric oxide release. 13, 14 Following castration, the ability of rats to ejaculate disappears early, followed by intromission and mounting. Hormonal replacement restores all aspects of mating in these animals. 15 It has been also demonstrated that middle-aged (13 months old) male rats clearly showed a decline in circulating testosterone levels, concurrently with a decrease in sexual activity. 16 Equating testosterone levels in young adult and middle-aged animals substantially reverted the decline in the erectile function of middle-aged rats. 17 Clinical studies correlated the declined levels of testosterone in aging men with compromised sexual health. 18 Furthermore, it has been suggested that the aphrodisiac property of Tribulus terrestris, a well known plant of traditional Chinese and Indian medicinal systems, could be ascribed to its ability to increase the levels of testosterone and luteinizing hormone. 19 In this context, it must be mentioned that tephestrol, which is a natural mixture of ferutinin (90% or more) and tenupheridine, has been demonstrated to increase the secretion rate of luteinizing hormone and to stimulate gonadotropin synthesis in the adenohypophysis of male rats. 20 Although the issue is quite complex, it has been demonstrated the pivotal role of ERa in mediating a normal sexual activity in rodents. 21 From our present findings, we can tentatively surmise that ferutinin and with a lesser extent also teferdin exert, when acutely administered, a stimulating influence on hypothalamus-pituitary-gonadal axis by activating ERs in the hypothalamus and, as a consequence, the release of gonadotropins and testosterone. This hypothesis seems to be supported by the ability of ferutinin to bind ERs with a higher affinity for ERa (IC 50 ¼ 33.1 nM) in comparison to ERb (IC 50 ¼ 180.5 nM). 9 A differential behavior of ferutinin on ERa and ERb, which may be of considerable importance for the pharmacological activity, was observed. 9, 10 In particular, the compound behaves as an agonist of ERa and as an agonist/antagonist of ERb, showing therefore estrogenic and antiestrogenic functions. 9 On the other hand, the lack of effect of teferin can be justified by the demonstrated negligible binding affinity for ERs (0.01% of 17b-estradiol). 8 Differently from the acute administration, the repeated daily treatment for 10 days with ferutinin, but not with teferin and teferdin, exhibits a negative effect on sexual activity of potent rats. Besides causing an increase in mount and intromission latencies, ferutinin reduces the percentage of ejaculating rats. This is particularly striking because the effect occurs in sexually potent rats. On the other hand, teferin and teferdin showed a tendency to a reduction in mount and intromission latencies. Even if the difference among control and treated groups is not statistically significant, this finding can be worthy of further investigation.
The worsening effect of ferutinin on sexual activity of male rats may be related to the significant reduction in testosterone serum levels. This effect could be ascribed to the subchronic exposure of ERs to ferutinin. We can surmise that ferutinin, when subchronically administered in rats, could be able to inhibit the hypothalamus-pituitary-gonadal axis leading to testosterone decline and impaired sexual activity, by activating a negative feedback loop. A derangement in the hormonal milieu by the chronic exposure to phytoestrogen leading to sexual dysfunction and infertility has been repetitively described. Ferula hermonis on male rat sexual behavior P Zanoli et al
